The continental lacustrine-fluvial facies are the main sedimentary environment of the late Triassic Yanchang Formation in the Ordos Basin of China. The 7 th Member and 9 th Member of the Yanchang Formation (Chang 7 and Chang 9 for short) are shale members that contain an abundance of rich organic matter, in which, natural gas has been found. Ascertaining the genetic types and sources of the shale gas is of considerable significance to the evaluation of the exploratory potential and to reduce the exploratory risk in the Yangchang Formation. The analysis of the geochemistry characteristics of the shale gas, shale desorbed gas and dissolved gas of crude oil in the Yanchang Formation, of the study area, has have been performed. The result shows that the three types of gases are dominated by methane and that the dryness is less than 0.92 and ranges from 0.64 to 0.8. The three types of gases in the Triassic Yanchang Formation have similar gas components but are completely different from the gas components in Palaeozoic coal-derived type gas. The δ 13 C 1 values of the shale gas, shale desorbed gas and crude oil dissolved gas vary between -41.6‰ and -51.6‰, and the average value is -47.8‰. The δ 13 C 2 varies between -40.1‰ and -33.6‰, and the δ 13 C 3 is between -38.6‰ and -30.8‰. The shale gas, shale desorbed gas and crude oil dissolved gas are all oil-type pyrolysis gases, which originate from the shale of Chang 7 and Chang 9. The results indicate that all of the gases have components of lighter methane carbon isotopes, which is obviously inconsistent with the low thermal maturity (0.7%≤Ro≤1.3%) of the shale in the study area. The experiments demonstrate that the isotope fractionation during the process of gas adsorption and desorption is the primary cause of the inconsistence.
INTRODUCTION
In recent years, the successful exploration and development of shale gas in America has demonstrated the universal existence of natural gas in shale. As the second largest sedimentary basin in China, the Ordos Basin has the greatest number of large gas fields, with a reserve of more than 1000×10 8 m 3 in China . Chang 7 and Chang 9 are two sets of black shale that are rich in organic matter. As the main Figure 1 . (a) Structural map of Ordos basin and the location map of the study area, as outlined by a square, the dashed lines are the boundary of the tectonic units, modified after Jiang et al. (2013a) . The study area in the southeastern part of Yi-shan slope is outlined by a box. (b) Sample wells and the elevation of the top surface of the member 7 of Yanchang Formation.
The Ordos Basin has developed several sets of oil and gas reservoirs in many strata. Gas reservoirs are primarily distributed in the lower Palaeozoic Ordovician Formation, upper Palaeozoic Benxi Formation, Taiyuan Formation, Shanxi Formation and Shihezi Formation (Fig. 2) . The gas contains more coal-derived type gas and less oil-associated type gas. Permo-carboniferous coal and limestone are the main sources of the upper Palaeozoic gas reservoirs Li et al., 2008; Dai et al., 2005a; 2005b) . The oil reservoirs are primarily distributed in the Triassic Yanchang Formation (Fig.  2) , with the development of associated gas. The Mesozoic oil and gas are primarily from the hydrocarbon source rocks of Chang 7 and Chang 9 (Yang and Zhang, 2005; Kong, 2007) .
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Figure 2. Stratigraphic Columns, Depositional Environments, and Sources-Reservoirseal Associations in Ordos Basin (compiled from Zhai, 1990; Feng et al., 1998; Wang, 1998; Yang, 2002; He et al., 2003) . The polycyclic fluvial-lacustrine clastic rocks deposited in the Ordos Basin from the late Triassic to Cretaceous successively formed Triassic, Jurassic and Cretaceous formations. The cumulative thickness of the formations is between 3000 m and 4000 m. Since the deposition of the Chang 7 shale, the Mesozoic formation experienced uplifting and denudation in the late , the late early-Jurassic (202. , the late Jurassic (149.5 and late Cretaceous. The cumulative thickness of the denudation is between 1800 m-2400 m (Chen et al., 2006) .
The Upper Triassic Yanchang Formation contains 10 reservoir formations from top to bottom (Yang, 2002) . Of all the formations, Chang 9 was deposited in the deep and semi-deep lacustrine environment. The lower part of Chang 9 is mainly grey mediumthick laminated fine sandstone interbedded with shale. The upper part of Chang 9 is shale interbedded with shale and thin siltstone. The top of Chang 9, which is known as the Lijiapan shale, is black carbonaceous shale with a thickness of 10 m-50 m. During the sedimentation period of Chang 7, the water obviously deepened in the lake basin. Semi-deep and deep lake facies covered the entire basin. The lower part of Chang 7 is mainly black shale with rich-organic matter, and the thickness is approximately 30 m-100 m. The upper part of Chang 7 is mainly mudstone interbedded with argillaceous siltstone and siltstone. The important Mesozoic hydrocarbon source rocks are the shales at the bottom of Chang 7 and the top of Chang 9 in the study area. They are also the crucial layers for the exploration and development of shale.
The shale of Chang 7 and Chang 9 have similar lithological and geochemical characteristics. The organic matter are mainly type I and type II (Kong, 2007) . The organic matter content of the Chang 7 and Chang 9 shale is between 0.46% and 25.46%, and the main frequency is between 2% and 4%. The content of total organic matter is greater than 2% for 92% of the Chang 7 samples. That content for Chang 9 shale is between 0.33% and 25.90%. 73.5% of the Chang 9 samples are greater than 2% and show a distribution of double peaks as a whole. The main frequencies are from 1% to 4% and 5% to 8%. The peak content of "A" is mainly distributed between 0.10% and 1.72% in the chloroform bitumen of the Chang 7 shale and Chang 9 shale. 77.3% of all of the samples are more than 0.50% in Chang 7 and Chang 9. The saturated hydrocarbon content of chloroform bitumen "A" is from 59.68% to 74.80%, with an average value of 64.28%; the asphaltene content is from 1.09% to 2.92% with an average value of 1.85%; the average value of the aromatic content is 12.46%, which is relatively low; the ratio of saturated hydrocarbon content to aromatic content is between 3.94 and 7.18, with an average value of 5.15; the non-hydrocarbon content is 19.69% . Tmax of the shale of Chang 7 and Chang 9 varies from 418˚C to 474˚C, with an average temperature of 450˚C (Yang et al., 2012; Guo et al., 2014) . The organic matter maturity (Ro) is from 0.7% to 1.3% (Ma et al., 2005; Wang et al., 2014) .
SAMPLE COLLECTION AND TESTING
27 gas samples were collected: 3 samples of shale gas from Chang 7 and a sample of shale gas from Chang 9, 14 samples of the desorbed gas from the shale core, 2 samples of the associated gas from Chang 2, a sample of the associated gas from Chang 7, 4 samples of the associated gas from Chang 8 and 2 samples of the associated gas from Chang 9. The shale gas samples were directly collected from shale gas production wells or the wellhead of a gas testing well by steel cylinders. The desorbed gases from the shale core were collected by desorbing shale gas from the shale core. The associated gases were the dissolved gases collected from the target oil layers of the Yanchang Formation. The specific locations of the sample wells are shown in Figure 1 .
The samples were tested in the Key Laboratory of Petroleum Resources Research, Lanzhou Research Center of Oil and Gas Resources, Institute of Geology and Geophysics, the Chinese Academy of Sciences. The testing comprised of 19 samples of chemical composition, 9 samples of light hydrocarbon geochemistry, 26 samples of carbon isotope and 11 samples of hydrogen isotope.
The components of the gas samples were tested using an Agilent 6890 N Gas Chromatograph equipped with a flame ionization detector (FID) and a thermal conductivity detector (TCD). The chromatographic had an MS-molecular sieve with a diameter of 3 mm × 2.4 m and a GDX-502 chromatographic column with a diameter of 3 mm × 4 m. The column temperature rose from 30 ˚C to 160 ˚C in 3.7 minutes. The heating rate was 70 ˚C/min. The head pressure of the column was 200 KP. The carrier gases were He and Ar. The temperature of the injection port was 120 ˚C. The temperature of the TCD and FID were adjusted to 180 ˚C. The injection volume was 1 ml. For the majority of the components, the average detection was limited from 0.1 to 10 mg/L, and the accuracy of (the) major components was within +/-5%. Monomer hydrocarbon compounds of the gas were separated by the capillary chromatographic column (PLOT Al 2 O 3 50 m × 0.53 mm).
The methane, ethane, propane and butane, which were used to analyze carbonhydrogen isotope, were put into a gas chromatography that connected to a copper oxide furnace. The carbon isotope components of the gas were analyzed using a GC-C-IRMS system. An HP6890I gas chromatograph and Finigan Delta plus XP were used. Using the He as the carrier gas, the system separated gas into monomers through chromatographic separation and then analyzed the carbon isotope components in the mass spectrometer after burning monomers into CO 2 one by one. The chromatographic column was a CP-CarboBOND (25 m×0.53 mmv 10 µm). The changes of the chromatographic temperature were as follows: maintaining the initial temperature as 30 C for 5 minutes, then rising to 240 ˚C in 15 ˚C/min, and maintaining the temperature for 10 minutes. The carrier gas was He. The flow velocity was 6.2 mL/min. Using PDB as the isotope standard, the analysis was accurate to 0.3‰.
The hydrogen isotope components of gas were also analyzed using the GC-C-IRMS system. The HP6890I gas chromatograph and Finigan Delta plus XP were used. Using He as the carrier gas, the system separated the gas into monomers through chromatographic separation and split the monomers into C and H 2 at a temperature of 1450 ˚C in the high-temperature transformation furnace. Next, the H 2 was tested in the isotope mass spectrometer one by one. The chromatographic column was a Al 2 O 3 column (50 m × 0.32 mm × 20 um). The flow velocity of carrier gas was 2 mL/min, and the split ratio was 1:1. The initial temperature of the injection port was 30 ˚C, which was maintained for 3 minutes, was raised to 180 ˚C in 10 ˚C/min, and then maintained for 10 minutes. Using SMOW as the hydrogen isotope standard, the analysis was accurate to +/-3‰.
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RESULT
The testing results are shown in Table 1 and Table 2 .
The Characteristics of Components
As shown in Table 1 , the shale gas of the Yanchang Formation is dominated by methane, whose content ranges from 70.86% to 99.93% with an average of 80.17%. The content of heavy hydrocarbon (C 2+ ) ranges from 8.21% to 24.29%, and the average is 16.14%. The dryness (C 1 /∑C 1-5 ) ranges from 0.75 to 0.92. The content of non-hydrocarbon gas is generally less than 5%. The non-hydrocarbon gas is dominated by N 2 and CO 2 , with average percentages of 2.82% and 0.86%, respectively. The content of methane ranges from 60.44% to 78.12% in the desorbed gas of the shale, with an average content of 70.99%, which is lower than that in the shale gas. The content of heavy hydrocarbon ranges from 21.16% to 34.68% in the desorbed gas of the shale, with an average content of 27.44%, which is more than that in the shale gas. The dryness ranges from 0.64 to 0.79 in the desorbed gas of the shale, which is less than that in shale gas. The non-hydrocarbon content is generally less than 1%.
The content of methane ranges from 64.64% to 75.24% in the dissolved gas of the crude oil, with an average content of 71.93%, which is less than that in shale gas but more than that in the desorbed gas of the shale. The content of heavy hydrocarbon ranges from 19.05% to 28.27% in the dissolved gas of the crude oil, with an average content of 23.21%, which is between that of the shale gas and of the shale desorbed gas. The dryness ranges from 0.72 to 0.80, which is less than that of the shale gas, but more than that of the shale desorbed gas. The content of non-hydrocarbon is greater than that in the shale gas and shale desorbed gas. The non-hydrocarbon mainly includes N 2 and CO 2 , whose average percentages are 4.12% and 0.53%, respectively.
In brief, there are no large differences in the components of the shale gas, shale desorbed gas and crude oil dissolved gas in the study area. The three types of gases are dominated by hydrocarbon gas, and the non-hydrocarbon contents of are all very low (Table 1) . Methane is the main gas in the hydrocarbon gas, and the content of heavy hydrocarbon gas is very high. The dryness is less than 0.9, which means that all of the gases are wet gases.
Characteristics of the Hydrocarbon Isotopes
The isotopic characteristics of the shale gas of Yanchang Formation are shown in Table 2 . In the shale gas, the value of the methane carbon isotope (δ 13 C 1 ) generally varies from -48.7‰ to -46.4‰, with an average value of -47.73‰; the ethane carbon isotope (δ 13 C 2 ) varies from -36.7‰ to -35.8‰, with an average value of -36.13‰; the propane carbon isotope varies from -32.4‰ to -30.8‰, with an average value of -31.48‰; the average value of hydrogen-methane is approximately -245.0‰; and hydrogen-ethane is -214.8‰. In the desorbed gas, the value of the methane carbon isotope (δ 13 C 1 ) generally varies between -51.6‰ and -41.6‰, with an average value of -47.7‰; the ethane carbon isotope (δ 13 C 2 ) varies from -40.1‰ to -33.6‰, with an average value of 37.5‰; the propane carbon isotope varies from -38.6‰ to -32.4‰, with an average value of -33.5‰; the average value of the hydrogen-methane The dissolved gas in the crude oil bears similar characteristics to the shale gas and desorbed gas in shale in the study area. There are no significant differences among them.
GENESIS TYPES OF NATURAL GAS
The chemical composition and relative abundance of the natural gas, which are mainly related to the organic matter type and maturity level of the source rock, are important parameters for gas genesis and origin, including the gas dryness (C 1 /C 1 +), C 1 /(C 2 +C 3 ), C 2 /C 3 and the isomerization rate of iC 4 /nC 4 (Liu and Xu, 1996; Song and Xu, 2005; Dai et al., 2005a) . In general, when the conversion from organic matter to hydrocarbons begins, the gas dryness will increase, and the butane isomerization ratio iC 4 /nC 4 will decrease correspondingly. Biogenic, pyrolysis and inorganic gases are mainly dry gases with high dryness (C 1 /C 1 +>0.95). Pyrolysis gas and a part of pyrolysis gas are mainly wet gases (C 1 /C 1 +<0.95), and the bio-thermocatalytic transitional zone gases can be either dry gases or wet gases. The C 1 /(C 2 +C 3 ) value of petroliferous pyrogenic gases is generally less than 10. The C 2 /C 3 value of petroliferous biogenic gases is higher than 2.0. The C 2 /C 3 value of petroliferous bio-pyrogenic transitional zone gases varies from 1.0 to 5.0. The C 2 /C 3 value of petroliferous pyrogenic gases varies from 0.9 to 3.5. The C 2 /C 3 value of petroliferous cracked gases varies from 1.0 to 3.0 (Liu and Xu, 1996; Song and Xu, 2005) .
The compositions of the shale gas, desorbed gas and the crude oil dissolved gas in the Yangchang Formation are similar; but there are notable differences when compared to the upper Palaeozoic coal-type gas. Natural gas from the Yangchang Formation is mainly comprised of methane, which is characterized by dryness of less than 0.92. The dryness generally ranges from 0.64 to 0.8, with a high content of heavy hydrocarbons. The C 2 /C 3 value ranges from 1.3 to 2.2, with an average value of 1.7 and a peak value of 2.7. The butane heterogeneous ratio (iC 4 / nC 4 ) often ranges from 0.39 to 0.68, with a peak value of 0.82 and an average of 0.5. The C 1 /(C 2 +C 3 ) ratio is generally less than 8.4 with an average of 5.1. The dryness of coal-type gases in the Upper Palaeozoic is generally higher than 0.95, with an average of 0.97. The heavy hydrocarbon content is generally less than 7%, with an average of 2.46%, which shows that dry gas is the primary content (Li et al., 2003; Dai et al., 2005a; Hu et al., 2007) . Most of the C 2 /C 3 ratios are higher than 5.5, with an average of 7, and the C 1 /(C 2 +C 3 ) ratio is higher than 20 (Li et al., 2003; Dai et al., 2005b; Hu et al., 2007) . The data mentioned above show that the shale gas and dissolved gas in the Yanchang Formation are different from the coal-type gas of the Upper Palaeozoic because they are neither biogenic gases nor pyrolysis gases in a high mature stage, which present The n-heptane (n-C 7 ), methylcyclohexane (MCC 6 ) and various structures of dimethylcyclopentane (∑DMCC 5 ) of C 7 light hydrocarbons can be applied to study natural gas sources (Hu et al., 1990; Dai, 1992; 1993; Huang et al., 2014a) . Methyl cyclohexane is primarily derived from lignin, cellulose and alcohols of higher plants. It commonly shows relatively stable thermodynamic properties and is an accurate evaluation parameter for indicating terrigenous organic types. Various dimethyl cyclopentanes are primarily derived from lipids of aquatic organisms. N-heptane is primarily derived from algae and bacteria, which is sensitive to the maturity. Hu et al. (1990) and Dai et al. (1992; 1993) used this type of compound to recognize coalderived type gases and oil-associated type gases. The C 7 map triangle (Fig. 3) was applied to analyze the light hydrocarbon compounds, and the results show that the C 7 light hydrocarbon compounds of the oil dissolved gases and shale gases have no obvious differences and are mainly in the oil-associated type gas and its transition area.
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Genesis types and sources of Mesozoic Lacustrine shale gas in the Southern Ordos Basin, NW China Figure 3 . The triangular diagram of the C 7 light hydrocarbon compounds (according to Dai et al., 1992; Zhang et al., 1992) . Ethane, propane and other heavier hydrocarbon sources are relatively single, and their carbon isotopic compositions are mainly controlled by the gas sources (Dai, 1982; Xu, 1994) . The scope of the isotope fractionation is very narrow, and the isotope value is close to the generating gas parent material. Therefore, the ethane carbon isotope composition of the natural gas is the essential parameter of the genetic types and sources of natural gas (Xu, 1994; Dai et al., 1995; Stahl, 1977; Fuex, 1977; Schoell, 1983; 1988; Whiticar, 1990; James, 1983; Faber, 1987; Chung et al., 1988; Jenden et al., 1993; Huang et al., 2014b) . Dai and Song (1987) conducted a statistical analysis of the heavy hydrocarbon carbon isotopes and showed that the δ 13 C 2 value of the natural gas is heavier than 28.0 ‰ and is coal-derived gas, while the δ 13 C 2 value of oil-associated type gas generally is lighter than 28.0‰, and the δ 13 C 3 value is less than 25.5‰. Zhang et al. (1988) argued that the δ 13 C 2 value of ethane in coalderived gas ranges from 28.0‰ to 23.0‰, and that of oil-associated type gas ranges from -37.0‰ to -29.0‰. Zhang and Chen. (1983) used a range of δ 13 C 2 equal within -28.0‰±1.5‰ as the rough boundaries of oil-associated type gas and coal-gas. Xu (1994) argued that the δ 13 C 2 value of coal-gas is heavier than -28.0‰, and oil-type gas is lighter than -30‰. Based on the actual situation and the geochemical characteristics of natural gas exploration in the main basins in China, a δ 13 C 2 value of -28.0‰ can be considered to be the boundary of oil-associated type gas and coal-derived type gas.
Because the δ 13 C 1 value increases with maturity, the δ 13 C 1 value of the relatively low maturity of the coal-derived gas and the relatively high maturity of the oil-associated type gas distribution commonly overlap each other, which often causes difficulty in recognizing the gas type. In addition, in heavy hydrocarbons such as ethane and propane, the carbon isotope compositions are mainly controlled by the parent material effect, and their isotope values are close to that of the parent material (Dai, 1982; Xu, 1994) . Therefore, the comprehensive use of δ 13 C 1 , δ 13 C 2 , δ 13 C 3 , C 1 /C 1-5 , and C 1 /C 2+3 values to analyze the natural gas formation becomes more reasonable. In this paper, those parameters were used to identify the genetic types of the natural gas in the study area.
The shale gas, desorbed gas and oil dissolved gas in the study area all have lower C 1 /C 1-5 and C 1 /C 2+3 values. The C 1 /C 1-5 values range from 0.64 to 0.92, mainly for the wet gas. The C 1 /C 2+3 values mainly vary from 2 to 12.2, with an average of 4.4. The δ 13 C 1 values vary from -41.6‰ to -51.6‰, with an average of -47.8‰, which is significantly higher than the Upper Palaeozoic natural gas (-36.19‰~-29.0‰ ; the average is -33.26‰ (Li et al., 2003; Dai et al., 2005b; Hu et al., 2007) ). According to the δ 13 C 1 vs. C 1 /C 1-5 plot (Fig. 4 ) and δ 13 C 1 vs. C 1 /C 2+3 plot (Fig. 5) , the shale gas, desorbed gas and oil dissolved gas are pyrolysis gases.
ENERGY EXPLORATION & EXPLOITATION
Figure 4. δ 13 C 1 vs. gas wetness (C 1 /C 1-5 ) plot (modified from Tissot and Welte, 1984) .The shale gas, desorbed gas and oil dissolved gas data in the Yanchang Formation are from this experiment. The natural gas in the upper Palaeozoic data are from articles by (Li et al., (2003) , Dai et al., (2005a) and Hu et al., (2007) .
Genesis types and sources of Mesozoic Lacustrine shale gas in the Southern
Ordos Basin, NW China Figure 5 . Plot of δ 13 C 1 vs. C 1 /(C 2 +C 3 ) (modified from Bernard et al.,1978) . The data of shale gas, desorbed gas, oil dissolved gas in Yanchang Formation come from this experiment. The data of natural gas l in the upper Palaeozoic come from the articles by Li et al. (2003) , Dai et al. (2005a) and Hu et al. (2007) . Figure 6 . Discrimination of the gas types (after Dai, 2014) . The shale gas, desorbed gas and oil dissolved gas in Yanchang Formation data are from this experiment. The data of natural gas l in the Upper Palaeozoic are from the articles by Li et al. (2003) , Dai et al. (2005a) and Hu et al. (2007) . The δ
13
C 2 values of the shale gas, desorbed gas and oil dissolved gas in the study area primarily range from -40.1‰ to -33.6‰, and the δ 13 C 3 value varies from -38.6‰ to -30.8‰. Those values are greatly different from those of the upper Palaeozoic gas (δ 13 C 2 ranges from -34.05‰ to 22.13‰, with an average of -26.78‰ and δ 13 C 3 ranges from -30.0‰ to -21.77‰, with an average of -24.81‰ (Li et al., 2003; Dai et al., 2005b; Hu et al., 2007) ). In the δ 13 C 1 vs. δ 13 C 2 , δ 13 C 1 vs. δ 13 C 3 gas genetic discrimination diagram (Fig. 6) , the shale gas, desorbed gas and oil dissolved gas in the study area are plotted in the oil-type gas area and the Upper Palaeozoic natural gas in coal-type gas, mixture of coal-type gas and oil-type gas zone (Fig. 6 ). This demonstrates that the shale gas of the Chang7 and Chang9 Formation are oil-associated type gas (Fig. 6) .
The hydrogen isotope composition of the natural gas mainly reflects the environmental conditions of the gas generating parent material and also has a tendency to enrich the heavier isotopes with increasing source rock maturity. Therefore, the hydrogen isotopic composition of the methane is an important marker of the natural gas origin. Schoell (1980) found that the δD value in biological methane was distributed from -180‰ to -280‰ and was at least 160‰ as light as that in the connate water, based on research of the methane carbon isotopes of biogenic alkane gas. Schoell (1980) argued that hydrogen isotopic composition is related to sedimentary environment, so that a value of the methane hydrogen isotope of -180‰ can be considered as the boundary of marine origin and terrestrial freshwater. Shen et al. (1991) studied hydrogen isotopes of Chinese lacustrine oil and gas and suggested that δD 1 = -200‰ can be used as a boundary to differentiate the depositional environments of non-marine continental freshwater and brackish water versus salt water lake facies. According to the ∆D vs.δ 13 C 1 plot, it can be observed that the shale gas, desorbed gas and oil dissolved gas are all thermogenic gases (Fig. 7) .
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Figure 7. The Map of δD of methane versus δ 13 C of methane. Modified after Schoell (1983) . The shale gas, desorbed gas and oil dissolved gas of the Yanchang Formation data are from this experiment.
The carbon isotopic compositions of the hydrocarbon series are good indexes to identify the mixture of gases from different sources and epigenetic reformation. The isotopic fractionation effect refers to the phenomenon that 12 C-12 C bond is more easily broken than the 13 C-12 C and 13 C-13 C bond in the process of organic macromolecular evolution and thus, produces lighter isotope gaseous hydrocarbons. The essence of this selective fracture is determined by the physical and chemical differences of 13 C and 12 C, which are also called the kinetics effect of the isotope. Because the hydrocarbon isotope compositions are controlled by the C-C bond dynamic fractionation effect in the fracture process, instead of the isotopic equilibrium effects (Chung et al., 1988) , the formation of the organic origin of the homologous methane and its homologues of the δ 13 C values increase with the carbon number of the alkane molecules. This feature is called a normal carbon isotope series, namely, δ 13 C 1 <δ 13 C 2 <δ 13 C 3 <δ 13 C 4 . Therefore, if gas is generated by a single external pyrolysis agency, there is a linear relationship between δ 13 C n and 1/n (n is carbon number of hydrocarbon gases). However, if there was a mixture of biogenic and abiogenic gases, coal-derived and oil-associated type gases, gases of the same type but from different source rocks or from the same source rocks but with different maturities, or one or some components of the gas was oxidized by bacteria, the carbon isotopic compositions of the alkane gases will be reversed. Using this linear relationship, it may be possible to learn information about the generation of the gas, whether the gas was formed from a single source, from multisource, continuous multistage or from biological degradation.
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Genesis types and sources of Mesozoic Lacustrine shale gas in the Southern Ordos Basin, NW China 1/4 1/3 1/2 1 Figure 8 . The stable carbon isotopic values of methane, ethane, propane and butane Figure 8 shows that the δ 13 C values of the methane, ethane, and propane in the shale gas, desorbed gas and oil dissolved gas in the study area increase with the carbon number of the alkane molecules. It shows the normal carbon isotope series, namely δ 13 C 1 <δ 13 C 2 <δ 13 C 3 and a linear relation between δ 13 C n and 1/n. However, there is carbon isotopic reversal in propane and butane (Fig. 8) . From the perspective of natural gas composition and stable isotope characteristics, the shale gas in this area is mainly pyrogenic gas. There are no obvious biological gas or coal-type gas characteristics, and the isotopic composition of the wet gas is not affected by gas migration (James, 1983) . A condensate analysis, using gas chromatography, showed no obvious biodegradation characteristics (Fig. 9) . Additionally, the slight reversal of propane and butane was likely to be caused by the mixture of gases of the same type but from the same source rocks with different maturities. The sources of the carbon in the organic thermogenic gases are relatively single. Therefore, the methane carbon isotopic composition is mainly affected by the organic matter types and thermal maturity of source rock. Therefore, there is a very good relationship between the thermal maturity and methane carbon isotopes of the natural gas composition in the case of the same organic matter types. This relationship plays a very important role in gas-source analysis (Stahl, 1977; Schoell, 1983; Liu. et al., 2007) . Different scholars have proposed different models between thermal maturity and methane carbon isotopes of various oil-associated type gases. Shen et al. (1991) have suggested a statistical relationship model of thermal maturity and methane carbon isotopes based on a domestic oil and gas basin, which shows good applicability in the low-middle evolutionary stage. According to this model, the maturity of natural gas in the study area is approximately 0.68% to 1.08% (Table 2) , which is lower than the results of the organic thermal simulation and measured data.
ENERGY EXPLORATION & EXPLOITATION
The subsection desorption of the shale core experiments were carried out in the well site. The results show that the shale gas components become wetter with the increasing degree of desorption. The methane carbon isotopic composition becomes heavier gradually; and, the highness can be up to 15.6‰. The total methane carbon isotopic composition of the desorbed gas is approximately 8.5%, which is lighter than the shale gas corresponding Ro in the δ 13 C-CH 4 plot (Fig. 10) . This experiment shows that the methane carbon isotopic composition of the coal bed gas in both, the desorption and primary zone, are lighter. Meanwhile, the isotope fractionation effect of the shale gas is mainly caused by adsorption/desorption effect rather than the diffusion. Because the isotopic fractionation caused by diffusion occurs at the beginning of the spread, the isotope fractionation effect will weaken with the diffusion process (Zhang and Krooss, 2001; Li et al., 2003; Shi et al., 2005) . This is completely different from the experimental result (Fig. 10) .
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CONCLUSIONS
The gas components of the shale gas from the Yanchang Formation are similar to the components of the desorbed gas and crude oil dissolved gas and is notably different from the coal-type gas of the Palaeozoic. Most of the gas components of the shale gas, desorbed gas and crude oil dissolved gas from the Yanchang Formation are methane, and their dryness are distributed between 0.64 and 0.8, which can be regarded as wet gas. The δ 13 C 1 values of the shale gas, desorbed gas and crude oil dissolved gas vary from -41.6‰ to -51.6‰, with an average of -47.8‰. The δ 13 C 2 values vary from -40.1‰ to -33.6‰, and the δ 13 C 3 values vary from -38.6‰ to -30.8‰. These are all different from the carbon isotopic composition of the Palaeozoic gas. The geochemical characteristics of shale gas, desorbed gas and crude oil dissolved gas are similar, which indicates that the shale gas, desorbed gas and crude oil dissolved gas are all pyrolysis gases that are affected by a single factor. The δ 13 C values of the methane and its homologues increase correspondingly with the carbon numbers in the alkane molecule, which shows a normal carbon isotope sequence. Their gas source rocks should be the Chang 7 and Chang 9 shale formation. There is no mixing of biogases, coal-type gases of the Palaeozoic and other thermogenic gases.
